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DUPUCATE 

1 J 

The present invention relates to jjack^ing inchiding m oxygenrscavengmg element for 
scavenging oxygen from its surrovnding environment^ in particular an oxygen- 
5 scavenging element wicluding an activdiable semiconductor^ and especially a photo- 
acdvatable semiconductor. 



In semiconductor photo-catplysis, a semiconductor, typically an oxide such as titanium 
(JV) oxide (TiOz), zinc (II) oxide (ZnO) or tmgstcn (lY) oxide (WO3), is activated with 

10 ultia-bandgap light Irradiation of a semiconductor witb photons of such light acts to 
promote electrons &om the valence band to Ihe largely-unoccupied conductance band of 
the semiconductor, and, in so doing, creates holes ia the valence band. These electron- 
hole pairs have a trodency to re-combine- However, the geneirated electrons can act to 
reduce chemical species absorbed on the surfece of the semiconductor, and the holes can 

15 act to oxidize chemical species absorbed on the surface of the semiconductor. 

Semiconductor photo-catalysis is finding increased application in the mineralization of 
oxganiG species in organic systems, with the photo-generated holes actii^ to oxidize the 
organic species. An organic species acting in this manner is sometimes referred to as a 
20 sacrificial electiron donor. 

The present inventors have reoogni2ed that sen^iconduptor photo-catalysis, and indeed 
any activatable semiconductor^ can be utilizBd to de-oxygenate a closed envitonment, 
as an incidental consequence of its photo-catalydc activily towards the destruction of 

25 organic species is the consumption of molecular oxygen, with fhe photo-gyrated 
elections acting to reduce the available oxygeiL This consumption of oxygen has 
previously been noted, but Its technological significance has not been appreciated. 
Furthermore, semiconductors can also consume oxygen through a photochemical 
process even in the absence of an organic species through the creation of surface 

30 pero3dde spes^es. 
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In patticolar, ibe prcsenl mv^tors have demonstrated the de-oxygeastion of a dosed 
envlrotimejit by iiradiaflon of nanociyBtallmc TiCb ptoto-catelyst both ia fhe presence 
and absmce of a saciifidlal electron donor- 



5 A de^xygenated eiiviiomneDt is a pre-requisite for the efficiBat operaticm of a range of 
difGbrent systems. Two such systems ^nJl xusw be outlined by imy of example. 

Blectromc and opto-elcctroidc devices are sensitive to emdionmedtal conditions^ and in 
particular 03iygen penetration. TMs sensitivity is particijaariy oritixsal for opto-dectromc 
10 devices, 'vi^ete exposure of fhe device to radiation or radiation generated by the device 
exanrbates die problem. Snch sensitivity is particularly critical &r molecular or 
polymer-based electronic and opto-electronic devices. 

Conveodonallyy sucb devices include a barrier layer in an attenqit to prevent the 
IS i>6netrationof cSiernical speciesysuchasosr^goa. More recently, in an attempt to pievrnt 
oxygen penetration, the devices have been provided with oxygen-absoibing layers. In 
?i</^ft ^"n p the &brica1ion environment for such devices may be required to be anaeTObic. 

In sudi devices, the present inventors have lecogaissed that activatable semicoiidact<»:s 
20 can be udlized to remove or at least reduce the concentradon of available oxygen, 
Qiefeby enhancing the stability of such devices. It is ^visaged &at die incorpoiadon of 
an oxygen-scavenging element which includes an activatable semiconductor in su^ 
devices vnll reduce the enviranmental oxygen concentradon to such an extent as to ease 
significantly the toierance lequirements for device encapsulation and fabrication, 

25 

Foodstuifs, pharmaceuticals, artefacts, such as museum pieces, and other items, such as 
artwork^ metals and medical ix«tniments, can also be particularly sensitive to oxygen; 
oxygen being essential for the metabolism of many common bacteria and moulds and 
leading to oxidative deterioration. 

30 

In most modem food packaging, fcod$tuJ3fe are packaged in an atmosphere that contaizxs 
significantly less oxygen than the 21 % that is in the atmosphere. This method of 
packaging is called modified atroospherc packaging (MAP). In most cases^ a MAPed 
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padcage is cicst&d by flushing the package wlh carbon dioxide or nilxogen. Foodstoffi 
packaged in a MAPed package stay ftesher longer, typically toee times longer^ than 
when packaged in a non-MAPed pac^cBge. 



.5 Oxygen scavengers, typically roild cedudng agents, 5iicb as ascorbic acid or finely- 
divided iron, are usually contained in sachets and v^eA extensively in packaging, 
particularly packagiag in warm and humid conditions, such as the Far East. This is even 
the case for MAPed packages, for example, those generated by gas fluslnng which 
typically still contain between 1 and 2 % oxygen. Such an oxygen cpncentratLon is 

10 suf&cient &r a numb^ of microbes to thrive, especially under warm and huznid 
conditions. The oxygen scavenger sadiet industcy is substantial, with over 10 billion 
units sold petr anniT?^ j[n Japan alone. 

For snclx pafikaging$ the poresent invCTCtors have recog;mzed that activatable 
15 semicondnctorB can be utilized to remove or at least reduce the concentration of 
available oxygen in such packaging. It is envisaged that the incorporation of activatable 
semiconductots in packaging will eliminate or substantially reduce oxidative decay of a 
packaged item as oompaied to any of the existing packaging techniques. Notably, food 

will stay fie&her for longer periods of time. 

20 

FUiflimnore, unlike conventional oxygen $cavengas, oxygen scaven^r^s by ajcttvatable 
semicoxiductors will fiinctiDn for Icmg^ periods of time, and does not tequire any special 
packaging environmenL In addition, for photo-activotable semiconductors^ de^ 
oxygenation cm be perfonned simply by the application of ligjbt, with such, de- 
25 osQrgeoation providing for a high degree of contcollabiliQf as the semiconductors are 
activated only by the c^Iicaiion of ultm-bandgap light* 

Accordingly, Ibe present invention i»ovides packaging incli^ding an oxygen-scavenging 
element including an activatable semiconductor which, when activated, acts to scavenge 
30 oxygen finm its saixounding enviroxunent. 

Preferably, the oxygen-scavenging element includes a sacrificial electron donor. 
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MozB preferably, fhe sacrijScial electron donor comprises an orgaaic materiaL 

In one embodiment titie org^c material compiises a polymeric material. 

Pxe&rably, the polymedc material compiises PVA, PVC, faydioxyethyl cellulose, or a 
mixture thereof. 

In anotiber embodiment tiie organic material compiises an amine- 

Pieferably, the amine comprises EDTA, trietib^ianmie, or a mixture thereof. 

In a fuidier embodknmt the organic moieria] coniprises an alcohoL 

In a yet furOier embodimenct "d^ organic material coznpcises a thioL 

In a still yet fiulher embodiment the organic mat^^al comprises an aldehyde. 

In one embodfanenf: the sacrificial dLecUon donor oooiprises a liquid. 



Id another ^nbodiment the s^^teificial electron donor comprises a solid. 
In afurdiOT embodimCTit the sacriGcial electron donor comprises a gas- 
In yet another embodiment the sactifidgd electron donor comprises a vapor. 
Preferably, the semicondnctoi comprises an oxide semiconductor. 
In one embodimeat the sendconductor comprises TiO^. 
In another embodiment the semiconductor comprises ZaO. 
In a further embodiment the semiconductor comprises WO3. 
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In one embodiment fhe oxygen-scsvengiAg ekment comprises a suspension con taining 



an aolivatable $emicondactor. 

In anjOthfiir embodiment the oxygen-'Scavengliig element compiises a paste contauung an 
5 activatable semiconductor. 

In a further emlsodimeat the oxygen-scavenging element comprises a gel containing an 
activatable semiconductor. 

10 In yet anoCher embodiment the oxygen-scavenging element comprises a solid containing 
an activatable semiconductor. 

In one piefenred embodiment the oxygen-scavenging element comprises a block 
containing an activatable semiconductor. 

IS 

In another preferred embodiment the oxygen-scavengmg elrnient comprises a layer 
containing an activatable semiconductor. 

hi a fimher preferred embodiment the oxygen-scavenging element comprises a powder 
20 containing an activatable semiconductor. 

In one embodiment the activated semiconductor comprises a photo-activatable 
semiconductor. 

25 Pcefisrably, the photo-activatable semicondnetor is activatable by u]tra«-bandgap lighL 

In another embodiment the activated semiconductor comprises an electro-activstable 
semiconductor. 

30 Fteferably, the electro-activatable sBmiconductor is activatable by applicatioai of an 
Electrical bias. 
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Hie px^erA invCTitiCfli also OKtends to a package packaging an item and iacludi0B the 
9bave*described packagixig. 

Preferably, the package defines a closed eaviiomxient in vduch the item is enclosed. 

5 

In one embodiment Ifae oxyg^-scaveoging element comprises an encai^^ula&ig layer 
encapsulating at least a sur&ce of the item. 

In anotber embodimCTt ibe packaging compmes a film packaging defined at least in part 
10 byfb& Qxygen-scavieaging elemrat 

la a fivrther embodiment the packaging includes an open-topped container and the 
oxygen-^avengmg Element comprises a film which closes die contamex. 

15 In yet another embodiment the packaging includes a closed container and the oxygen- 
5(»iveng]ng element is disposed within the ccmtainer. 

In one embodiment tibie item comprises an electromc device. 

2D Jn another embodiment the item comprises an opto-electrooio device. 

In one embodiment the item comprises a molecular device. 

In another embodiment the item comprises a polymeric device. 

25 

In a furdier embodiment die item comprises a &odsLiif£ 

The present invention further extends to use of an oxygen-scavenging element including 
an activHtable semiconductor in packaging to scavenge oxygen from its surrounding 
30 environment when activated^ 

Preferred embodiments of the present invention will now be described hereinbelow by 
viray of example only with refeorence to the accompanying drawii^s. in which: 
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Figure 1 illustrates a package tXi accordance with a first eDobodiment of the present 
tciyenlion; 

5 Figure 2 illustrates a package in accotdaace with, a second embodiment of the present 
jnventian; 

Figure 3 illxistxi^a a package in accordance with a third embodiment of flic present 
jjaveniion; 

10 

Figure 4 illu5tiate$ a package in accordance with a fouitb embodiment of the present 
invention; 

Figure S Ululates a package in accordance vnfh. a embodJroent of the present 
IS invention; 

Figure 6 illustrates a packagie in accordance with a sixth embodiment of tbe present 
invention; 

20 Figure 7 illnstratB^ a paokage in accordance with a seventh embodiment of the present 
inyention; and 

Figure 8 illustrates a package in accordcince with an sightih embodiment of the present 
invention. 

25 

Figure 1 iUustrates a package 1 in accordance with a first embodiment of the present 
invention. 

Hie package 1 comprises a component 3, in this embodiment one of an electronic or 
30 opto^ectronic device and in particular one of a molecular or poiymei-based electronic 
or opto-electronic device, and packaging 4 which includes an oxygen-scavenging 
element 6 including an activatabie s^iconductor, in this embodiment a layer 
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encapsalotix^ an active sur&ce of Hie componeiiit 3^ is actiyatable to scavenge 

oxygea and preveat fhe pexietratiou of oxygen to the active surfiaice of tbe compoiieat 3. 



bx this embodimeat the ocdvatable semiconductor i& a photo-actlvatablQ sexoioonductor, 
S such 9$ TiQz* ZnO or WO3. yrbich is ecdvatable by nhra-bandgap light to scavenge 
available oiQrgen. 

In tiiis embodiment the oxygen-scavenging elemrot 6 coooprises a ihin fifan. 

10 In fliia embodiment tibie oxygeOr-scavenging elem«t 6 compxises a layer of a 
nanocscystallme activatableseimcondnctDr. 

In another embodiment the oxygen-scaveiJi^bag elranent 6 could comprise a layer 
comprising a. mixture of a nanoi^ysinOine activatable semiconductor and a sacrificial 
15 electron donor. In a prefenied embodiment the sacrificial electron donor comprises an 
ozganic miaterial, preferably a polymedc material, such as PVA, FVC, hydroxyethyl 
eelinlose or a mixture thereof an amine, such as EDTA, triethylamine or a mixture 
thereof, an alcohol, a thiol, an aldehyde, or a mixture thereof. 

20 In a fiiriher enibodiment the 03QrgBn-scavenging element 6 could comprise a layer 
comprismg a carrier and a nanocrystalline activatable sendconductor dispersed therein, 
lin one ^nbodiment lbs carder comprises a polymeric material. 

In one embodiment the carrier could be a sacrificial electron donor, preferably a 
25 polymeric material, such as PVA, PVC, hydroxyethyl cellulose or a mixture thereof. 

In another ^bodiment the oxygen-scavenging elem<^t 6 could include a sacrificial 
electron donor dispersed in the carrier. In a preferred embodiment the sacrificial 
electron donor comprises an organic material^ preferably a polymeric material, such as 
so PVAl, PVC, hydroxyethyl cellulose or a mixture thereof, an amine, such as EDTA, 
triethylaminc or 3 mixture thereof, an alcohol^, a thiol, an aldehyde, or a mixture thereof. 
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Figure 2 illustrates a package I iu accordance witb a second embodinient of the present 
invesidon. 

Hiis package 1 is very similar to tJie package 1 of Uie above-described fest embodim^, 
5 mA fliuB, in ofder to avoid vimecessary duplicsction of description, only the diffeseaices 
will be described in detail, wfli like parts being des^pated by like refei eace signs. 

Tliis package 1 difFexs fiom the package 1 of the above-described first embodiment only 
in that the oxygen-scavenging element 6 completely encapsulates the componrat 3 and 
10 not only an active surface of the componeaat 3. 

Figure 3 illustrates a package 11 in accordance vwtb a third etnbodimeat of the present 
invention. 

15 The package 11 cojnncpriscs a component 13, in this embodiment one of an electronic or 
opto-electionic device, and in particular one of a molecular or polymer-based electronic 
or oplo-electKmio device, and packagmg 14 which iiuiludes an oxygen-scavenging 
element 16 inchxding an activatable semiconductor, in this embodiment a layer 
encapsulating an active surface of the component 13, which is activatable to scavenge 

20 oxygen and prevejrt the penetration of oxygen to the active surface of the component 1 3, 
and a support 17 for supporting the oxygen-^scavenging element 16. 

In this embodiment the activatable semiconductor is a photo-activatable semiconductor, 
such as TiOa, ZxiO or WO3, which b activatable by ultca-bandgep Hght to scavenge 
25 available oxygetL 

In tins embodiment the oxygCT-scavenging element 16 comprises a Ihin film. 

In this embodimeait the support 17 coxrrprises a poJtymeric material. In one embodiment 
30 ttie svgppoit 17 is also a sacrificial electron donor, prefeaably PVA, PVC, hydroxyefiiyl 
cettulose or a mixture tfajBzeoCi 
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III ibis embodiment the oxygen-scav&itging dlexacat 16 comprises a layer of a 
nTOOccystallme activatable seraicoxulwtor. 



In another embodiment ih& oxygen-scavenging element 16 could comprise a layex 
s comprising a mbctuie of a nanociystalline activatable semiconductor and a sacri£jcial 
electron donor. In a pxc&nred embodiment tbe sacrificial dlection donor comprises an 
organic material, prtsferably a polynamc material, such as PVA, PVC» hydroxyethyl 
cdlulose or a xnixture thereof, an amine, roch as EDTA^, triet!bylanu](ie or a mixture 
tiieteo:^ an alcohol, a thiol, an aldehyde, or a i3[>ixtuie thereof. 

10 

In a ftarther embodiment the oxygen-scasrengmg element 16 could comprise a h^er 
oomprii^g a carrier and a nanoctystRlUbtifi activatable semiconductor dispersed fhesekL 
In one embodiment the carrier comprises a polymeric materid* 

15 In one embodiment the carrier could be a sacrificial electron donor, jxraferably a 
polym^c material, such as FVA, PVC^ hydro?{^e&yl cellulose or a mixture thereof. 

In another embodimient tiie oxygen-scavenging element 16 could include a sacrificial 
election donor di^rsed in the canier. In a particularly pnefemed embodiment the 
20 sacrificial electcon donor comprises an organic material, prefeiably a polymeric material, 
such as FVA, PVC, hydroxyethyl cellulose or a mixture flieceo^ an an£Kine» sndb as 
EDTA» tdedLylaoune or a mixture thereof, an alcohol, a iMoI, an aldfihyde, or a mixture 
thereofl 

2S It vnJl be understood that the package 11 of this embodimrat is essentially a 
modificaticm of the package 1 of the above-described first embodiment, and could be 
equally applied to the package 1 of the above-desmfoed second embodimeot. 

Figure 4 illustrates a package 21 in accorddnce with a fouirfh embodiment of the present 
30 invention. 



The package 21 comprises an item 23 and packaging 24 in which the item 23 is 
enclosed. 
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In preferred embodiments item 23 can comprise m electronic or opto-aledronic 
d^ce, in particular one of a molecular or polymar-based eleclxonic Or opto-electroiric 
device, foodstuff pliarmaceutical, arteifect, such as a museum, piece, or another item, 
5 sucli as artwork, a metal or a medical instrument. 

The packaging 24 comprises a container 25, in tMs embodiment an open-topped 
container, and an oxygen-scavenging element 26 including an activatable 
semiconductor, in this embodiment a film whicTi closes, and preferably seals, the 
10 container 25, which is activatable to scavenge oxygen from within the package 21 and 
prevent the penetration of oxygen into the package 21. 

In this embodiment the activatable semiconductor is a photp-activatable semiconductor;, 
such as TiOa, ZnO or WOa, which is acdvatable by ultra-bandgap light to scavenge 
IS available oxygen. 

In this embodiment the oxygen-scavepging element 26 comprises a thin film, 

ti this embodiment the oxygen-scavenging element 26 comprises a layer comprising a 
20 carrier and a nanocxystoUine activatable semiconductor dispersed therein. In one 
embodiment the earner comprises a polym^c materiaL 

In one embodiment the carrier could be a sacrificial electron donor, preferably a 
polymeric ^^^terial^ such as PVA, PVC, hydroxyethy] cellulose or a mixture thereof, 

25 

In another embodiment ifae oxygen-scavenging element 26 could include a sacrificial 
electron donor dispersed Jn the carrier. In a preferred embodiment tlie racrificial 
electron donor comprises an organic material, preferably a polymeric material^ such as 
PVA, PVC, hydroxyeliiyl cellulose or a mixture thereoi^ an amincp such as EDTA, 
30 triefhylamine or a irdxtuxe Ihereo:^ an alcohol, a thiol, an aldehyde^ or a mixture th^of. 

It is envisaged that this package 21 will find particular implication in the packaging of a 
foodstuff the oxyg^-scavenging element 26 is a dear fibn which allows for the 



'02 13; 17 FAX D12fla 776537 FRY HEACT & S^NCE ■* if AX ifll-iPHi •«a»-«-j 



12 




10 



15 



inspection of ihfi contained feodstuflf. This package 21 provides the addittonal 
advantage that the contained hem is aMelded fiom imnecessaiy and undeaiiable levels of 
ambient light, especially UV Ught. In ihis way, 4e oxygepi-scavengmg element 26 Jiot 
only acts to redwe ^ conoentralion of oxygen in the package 21, thereby imminizmg 
oxidative degradation of the item 23. thai is, keepmg the contamed item firesher fcr 
longer periods vfteie ihe item 23 b a foodstuff but also teduce photo-degradatian and 
dfisooloiadan by fitteting out any undesirable UV typically as enritted by food 
cabhiBt lights. 

Figure 5 illnstrateB a package 21 m accordance with a fifth embodiment of the present 

inventiiQEU 

This package 21 is veiy similai to the package 21 of the above-described fourth 
embodiment, and thus, m older to avoid wmecessaiy duplicafion of description, only the 
differences vriU be described m detail, with like parts being designated by like reference 
aligns. 



This padsage 21 differs from 1he package 21 of the above-described fourth embodiment 
only in that Ihe packaging 24 is formed completely of the cxygen-scavenging element 
20 26. in this embodhnent as a fihn; the container 25 bemg omitted. 

Figure 6 illustrates a package 31 hi accordance wth a sixth embodhnent of the present 
iovettdon. 

2S The package 31 conrpises an item 33 end packagmg 34 in ivhlch ihe item 33 is 
enclosed. 

The pack^ing 34 comprises a contahier 35, hi tids embodhnent an open-topped 
oontahier, an oxygem-scavenging element 36 mchidhig an actlvatable semicondwtOT 
30 whicih is activatable to soavengia oxygen fiom ^thin the package 31 and prevent the 
peneixalion of oxygen hito the package 31. and a support 37 fcr supportmg flie oxygen- 
scavenging element 36. Li this embodhnent the oxygen-scavenghig element 36 and the 
sappwX 37 together provide a flhn which doses, and preferably seals, the contahier 35, 
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wifii Ifae support 37 being an outer film and the oxygen-scaveaging element 36 being an 
inner film. 

In preferred embodiments the item 33 can comimBe an eleettonio or opto-electronic 
5 device, in particnlar one of a molecular or polymer-based electronic or opto-eledxomc 
device, foodstuff, phatmaceulical, artefact, such 33 a nmsemn piece» or oAer itan, such 
as artwork, ametal or amedical mstrument. 

In this embodiment the activatable semiconductor is a pholo-activatable semicondxiotor. 
10 such as TiOa, ZnO or WOs, whidi is activaiable by uhra-bandgap light to scavenge 
available oxygen. 
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Iq this embodiment the oxygen-scavenging element 36 compxises a thin film. 

15 In this embodiment the support 37 comprises a polymeric xnaterial. In one embodiment 
the support 36 is a sacrificial electron donor, preferably FVA, PVC, bydroxyethyl 
cellulose or a miscture thereof. 

In this embo^ent the oxygen-scaveng'mg element 36 comprises a layer of a 
20 nanocrystaUineactivateble semiconductor. 

In another embodiment the oxygen-scavenging element 36 could comprise a layer 
comprising a mixture of a aanocrystalline activatable semiconductor and a sacrificial 
electron donor. In a preferred embodiment the sacrificial electron donor comprises an 
25 organic material, preferably a polymeric material, such as PVA, PVC, hydroxyelhyl 
cellulosB or a mixture th»eof, an amine, such as EDTA, triethylamine or a mixture 
thereof an alcohol> a thiol, an aldehyde, or a mixture thereof- 

In a flirther ^bodiment the oxygen-scavengixig elancnt 36 could comprise a layer 
30 compdcising a carrier and a nanocrystaUino activatable setruconductor dispetrsed thecdn. 
In one epahodiment the catrier comprises a polymeric material. 



08/07 '02 1 5:18 F A^jl29S.J.^pZ— '-k* jusjlxu « s>xm^v» 



14 



In ox«. embodiment flie earner could be a sacrifidal etectam dtmor. p.^fe«aH.y a 
polymeric material, sudi as IPVA, PVC. hydroxy^ celMose or a mixtore thereof. 

In another embodiment the o^geti-^javen^g element 36 could iBctode a aacrifidal 
5 electron doaor dispersed in the earner. Ih a particularly prefixed embodimeot ihe 
sacrificial elect«>n donor comprises an orgamc material, pieferaWy apolymeric material, 
fiudi as PVA, PVC, hydroxyethyl ceUulose or a mixtuie thereof, an anune, sueh as 
EiyrA, trielhylamme or a mixture thereof, an alcohol, a thiol, an aldehyde, cbt a mixture 
thereof. 

It will be understood that the package 31 of this enAodtoe^t is esaentiaUy a 
modification of the package 21 of the above-described fourth eanbodhnent. and could be 
equity ^Ued to the pactaige 21 of the abov^descriW fifth embodi^ 

,5 Figure 7 inustrates a package 41 hi accordance vrith a seventh «nbod^ 
piesent invention. 

The package 41 comprises an item 43 and paclcaging 44 in which the item 43 la 
endosed. 




20 



25 



30 



The packaging 44 comprises a container 45 and an oxygen-scavenging element 45 
mduding an acttvatable semiconductor which is disposed within the container 45. ^ich 
oxygei^^avcnging eteawart A6 is activatable to scavenge oxyg«i from within the 
package 41 and prevent the penetiation of oxygen into the package 41. 

In preferred embodiments ^ item 43 can comprise an electronic or opto-electronic 
device, m particular one of a molecular or polyxner-based electronic or opto-electronic 
devic^ foodstuff, pharmaceutical, artefact, such as a musemn piece, or other item, such 
9S artwodci a metal or a medical instrum^ 

In this embodiment the activaJable semiconductor is a photo-activatable semiconductor, 
such as TiO,, ZnD or WQ3. which is activatable by ultia4>andgap li^t to scavenge 
available oxygen. 
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In ttiis embodimeat flie oxygen-scavenging dfiment 46 comprises a nanocrystanine 
activatable s^nicondoctor. 

In ihis embodinifiiit the oxygen-sisavengmg element 46 comprises a micxoporous block 
of a uanDcrystallme activatable semiconductor. In a preferred erobodSmcnt the 
nanocrystalline aotivatable semiconductor could lie dispersed in a canier. In one 
embodiment the carrier ecdnpiises a poljnneric msteriaL 

In cme alternative eanbodiment the oxygen-scavengine element 46 could comprise a 
loose powder of a nanocaystalline activatable semiconductor, preferably contained in a 
rec^tacle, sucb as a sacliBt. 

In another aKesmalive embodiment the oxygen-scavenging element 46 could comprise a 
slutiy of a nanocrystalline activatable semicondutftof in a liquid carrier, preferably 
contained in axeceptade, such as a sachet. 



In yet anblhec alternative embodiment the ojcygen-soavengmg element 46 could 
conpdse a paste of a nanocrystalline activatable semiconductor in a caniex, preferably 
20 contained in aieceplade, sucb as a saohet 

In ano^ embodiment djc oxygen-scavenging element 46 could include a sacrificial 
electron donor. la a prefixed embodiment the sacrifioial electron donor comprises an 
organic material, , preferably a polymeric material, such as PVA, PVC. hydroxyethyl 
25 cellulose or a mixtote thereof, an amhie, sach as EDTA. triethylamine or a mixture 
tiheieo^ an alcohol, a iMol, an aldebyde, cat a mixture <hereo£l 

In one embodiment* >»riiere th© oxygen-scavenging element 46 is formed as a block, the 
sacrificial election donor could comprise a powder -ftMcih is co-formed wiA flie 
30 nanoccyataillinB adivatable semicondnctar. 
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In another embodiznfflit, where the oxyg^-scavenging elemeoDCt 46 is fonxxed as a block, 
the sacrLSdal electron donor could comprise a canier mthixi which the nanociystaUine 
actcvatable semiconductor is dispersed. 



5 a further embodimeat, where the ossygen-scaveaging element 4$ is formed as a block, 
the sacrifidal electron donor could compose a powder ^hich is dispersed with the 
nanocrystalUne activatahle semiconductor in a carrier. In one embodiment the canier 
comprises a polymene material. 

IQ In a yet fuxtber embodiment, where &e oxygen-scavenging element 46 is fbmied as a 
slnny, "die sacrificial electron donor could comprise the canier witbin wfaidiL the 
nonocrystaUine adivatable semiconductor is dispersed. 

In a still yet fiirthei? embodiment, where the oxygen-scavenging el^ent 46 is formed as 
IS a paste, the saerificlal electron donor could comprise tbe carrier within which the 
nanocrystalline activatable semiconductor is disqpeised. 

In still yet other ^aihodimeats tbe sacrificial electron donor could comprise a gas or a 
vapor. 

20 

Figue 8 illustrates apackage 51 in accoidanoe with an eighth eaoaibodiment of die ptesent 
invention. 

The package SI comprises a conipanent 53, in this embodiment one of an electronic or 
25 opto-electroniC device, and in particular one of a molecular or polymer-based electronic 
or opto-electronic device, and packaging 54 which includes an oxygen*-5cavenging 
element: 56 indudJhg an activatable semiconducU>r, in this embodiment a layer 
enc^sulating an acdve surface of die component 53, which is activatable to scavenge 
oxygen and prevent the penetration of oxygen to die active surface of the component S3. 

30 

In this embodiment the activatable semiconductor is a photo-activatabLB semiconductor, 
such as TiOzj ZnO or WQ3, which is activatable by ultra-bandgap light to scavenge 
available oxygen. 
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In this embodimmt tfaje oxy^aa-scs^v^ging element 56 comprises a tfiin fiOm. 

In Ibis embodiment the oxygen-scavenging elCTarat 56 eompiises a layer of a 
5 iianocryst3U]ne activatable semicondttctor. 

In anofber embodimeoat the oxygBn-scavenging elcmrat 56 could comprise a layer 
comprising a xiuxtiire of a nanocrystalline activatable semiconductor and a sacnScial 
electron dozior. In a prefened embodimenit fbe saczifidal electcon donor composes an 
10 organic material, preferably a polymeric matezial, suda as PVA, PVC. bydtosqrethyl 
cellulose or a mixtuie thereof, an amine, such as EDTA, tiiefhylamkie or a mixture 
thereof, an alcohol, a tbiol, an aldehyde, or a mixture fheieof. 

In a fbrfher embodiment the oxygen-scavenging element 56 could coxxcprise a layer 
15 comprising a canier and a nanociyatalline sctivatable semiconductor dispersed therein. 
In one embodiment the cairier comprises a polymeric material. 

fa one embodiment the carrier could be a sacrificial electron donor, preferably a 
polymeric material, such as PVA, PVC, hydroxyethyl cellidose or a mixture tba^eof. 

20 

In another embodiment the oxygen-scavengiiig element 56 could include a sacrificial 
electron donor dispersed in the COTticoc. In a preferred embodiment the sacrificial 
electron donOr ccmiprises an organic material, preferably a polymeric material, such as 
PVA, PVC, hydroxyetbyl cellulose or a mixture thereof, an aroine^ such as EDTA, 
25 triethylamine or a mixture thereof, an alcohol, a thiol, an aldehyde, or a mixture thereof. 

Hie package 51 further comprises a referetice electrode 58 and a voltage stipply 59 for 
biasing the packaging 54 to a potential which provides for electro-activalion of the 
oxygen-scaveonig^g element 56. 

3D 

In one mode of operatiocL^ the cj^gen-scavenging element 56 can be electrically 
activated by the application of a potential hereto using the voltage supply 59. 
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In another mods of operaJion, the oxygen-scavenging element 56 can be activated by a 
ooznbination of bolk electro-activation throtigti the ^licatioB of a potential thereto 
u^g the voltage supply 59 photo-activalion thtough the applicaticm of vltsA- 
bandg^ light theieto. 

It is envisaged that ibis padsge 51 vrill find particnldr applioaticn in the i^oiection of 
electrical components fiom oxygen vdiere photo-activation is not convenient. 

Finaiily, it 'will be understood lhat the present imrcntiott has be^ dssciibed in its 
piefexred embodiments and can be modiSed in many different wnys without departing 
fiom Hxe scope of flie invention as defined by the appended clakn&. 
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CI,ATMS 

1. Packaging inctoding an oxygen-scavengiiig element incltiding an aclivatable 
semiconductox vsrhich, when activated, acts to scavenge oxygen firom its 

5 suiTOundrng envirozime[at- 

2. The paokaging of clgim 1, wherein the oxygen-scavM^ng elemmt indudes a 
sacrificial electron donor. 

10 3. The packaging of claim 2, wherein the sacadficial electron donor comprises an 
organic materiaL 

4. Tlie packaging Of claim 3, wherein the organic material comprises a polymeric 
material. 

15 

5. The paokaging of daim 4, wherein the polymeric material comprises PVA, PVC, 
hQrdroxyediyl cellulose, or a mixture tbeieof. 

6. The packaging of claim 3, wherein the organic material comprises an amine. 

20 

7. The packaging of claim 6, wherein the amine comprises EDTA, triethylamine, or 
a mixture thereof . 

8. The packaging of claim 3, wherein the organic material comimscB an alcohol. 

25 

9. The packaging of claim 3, wherein the organic material comprises a thiol, 

1 0. The packaging of claim 3, wfa^ein the organic material comprises an ald^de. 

30 11. The padkaghig of any of dcums 2 to 10» wherein the sacrificial electron donor 
comprises a liqmd. 
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12. The packaging of any of claims 2 to 10, wherein tbe sacdficifd eledxon donor 
comprises a $olid. 

13. The packagmg of aoy of claims 2 to 10, wherein the saorificial election donor 
5 CQmpi&es a gas. 

14. The packaging of any of cLmms 2 to 10, iB^dcein the sacrificial electron donor 
comprises a vapor, 

10 IS. The p^dcaging of any of claims 1 to 14, wherein the semiconductor conqndses en 
oxide semiconducfor. 

16- Tbe paoks^g of claim IS, wherdn the semiconducfior comprised TiOi. 

IS 17. The packagiae of claim 15, whearean the semiconductor cc»npri$e$ ZnO. 

1 8. The packagbg of daim 15, wheidn the saniconductor coarprises WQa- 

19. The packa8^>8 ^ claims I to IS, wherein the oxygen-scavenging element 
20 comprises a suspension containing an activatable semiconductor* 

20. The packaging of any of claims 1 to 18, wherein the oxygen-scavcngixig element 
comprises a paste contdninig an activatable semiconductor, 

25 21. The packagjzig of any of claims 1 to IS. -v^iierdn the oxygen-scavenging element 
comprises a gel containing an activatable semiconductor, 

22. The packaging of any of claims 1 to 1 8, wherein fte o}cyg^:^caven^ng element 
comprises a solid containing an activatable semiconductor. 

30 

23. The packaging of claim 22, wherein the oxygen-scavengmg element comprises a 
block coBtaining an activatable semiconductor. 
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24, Tbe pack^ing of claim 22, wherein liie oxygeii-scaveiiging element compii»s a 
layer contaizmig an aotivatable semicoaiduclor. 

25, The packaging pf claim 22, -v^vein the oxygen-scaven^ng element coimcpdsea a 
S powder contaiiiizig an acfivalable semiconductoir. 

26, The packaging of any of claims 1 to 25, i^exein the activated sennoonductor 
comprises aphoto-activatabie semiconductor. 

10 27- The packaging of claim 26, wherein the photo-activatable semicanductor is 
activatable by ultxa-baxidgap iL^bt 

28. The packaging of any of claims 1 to 27, whmin the activated ssmiconductor 
comprises an electro^ctivaiBble semiconductor. 

15 

29- The packaging of claim 28,, wherein the electro-activatable semiconductor is 
activatable by application of an electrical bias. 

30. A package packaging an item and including the packaging of any of claims 1 to 
20 29. 

31. The package of claim 30, wherein the package defines a closed enviroranent in 
which the item is enclosed. 

25 32, The package of claim 30 or 31, wherein the oxygen-scavenging elemexxt 
comprises an encapsulating layer encapsulating at least a surface of the item. 

33. The package of claim 30 or 31, wherein the packaging comprises a film 
packaging defined at least la part by the oxygen-scaveaging element. 

30 

34. The package of claim 30 ox 31, wherein the packaging includes an opm-topped 
container and the oxygen-scavenging element comprises a film which closes ihe 
container. 
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35. The package of claim 30 or 31. v*«ein Ifae paokaging tadndes a dosed 
container and flie oxy geii-scavenging elaneDt is disposed -within the ccnrtaiiwr. 

36. The package of any of claims 30 to 35, whe«aa the item comprises an dedronfc 
device. 

37. Thfi package of any of claims 30 to 35, whecrin 4b item compiises an opto- 
deotronic desvice. 



10 



38. The package of daim 36 ot 37, vdierein the item comprises amokcdar device. 

39. The package of daim 36 or 37. wherein the item comprises a polymeric device- 
is 40. IT,epad£ageofanyofclainis30to35,yAerdn1heitemcomprisesafoodstuffi 

41. Use of an oxygen-scavaoging element mduding an activataljle semiconductor m 
packaging to scavenge oxygen ftom its suirovmding enviionment when acdvated. 

20 42. Packaging indiuSing an oxygen-scavenging element substantially as hereinbefore 
desMibed with Teftronce to the accompanying drawings. 

43. A padcage packaging an item and including packaging including an oxygen- 
scavenging element substantidly as hereinbefore described vrith reference to flie 
25 acconq>anying drawings. 
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ABSTRACT 

QXVGEN-SCA VFWrr^TNG PACKAGING 

5 Padka^g including aa oxygea-scavenging element inoludimg an acdvatable 
semiconductor, in embodJuififits one or "bofli of a photo-activalaMfi Bemicondnctor 
ajsiivatable by ultra-bandgap light ox an electco-activatable semiccxaductor activatable by 
application of an electrical bias, which^ when activated, acts to scavenge oxygen £rom its 
smtounding envitonment. 

10 

[Figure 1] 
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